The research is aimed to determine the effect of fertilization with untreated or composted tannery sludge on yielding, macroelement and chromium contents in plant biomass. The biggest yield diversification was observed in the first and second year of the experiment, whereas in the subsequent years no major differences in yields were discerned. The mechanism of diversified plant response to organic fertilizers supplied to the soil resulted from their different ability to utilize nutrients but was also due to crop succession and different tolerance of subsequent species to the amount of supplied chromium. Nitrogen contents in plants were diversified, despite supplementing its dose to an equal level in all treatments (except the control). It may be concluded that the nitrogen in the applied materials occurred mostly in organic forms and its availability depended on the mineralization rate. Phosphorus and magnesium content depended on the plant species and applied fertilization. Potassium was more available if applied in a mineral form whereas calcium and sodium contents increased significantly in the plant biomass a�er fertilization with tannery sludge containing materials. Chromium content in tannery materials did not affect the content of this element in the aboveground plant parts and the absorbed chromium was retained mainly in the plant root system.
A factor limiting biological utilization of tannery sludge is their excessive chromium burden (Filipek-Mazur 1997) . Chromium level in this sludge depends on the tanning technology and the sewage treatment technology. A number of experiments on tannery sludge have demonstrated a positive effect of this waste, both raw and composted, on plant yield and soil properties (Sommers 1977 , Dreiss 1986 , Filipek-Mazur et al. 2000 , Gondek 2002 ). On the other hand, a high content of chromium in this material can result in an increased chromium level in the soil (Wickliff and Tindey 1982, Filipek-Mazur et al. 1998) . Regulations determining the conditions for biological use of sewage sludge are based on common levels of elements in sewage sludge. Thus, tannery sludge usually exceeded the threshold values for this element. In the European Union countries the amount of heavy metal supplied to the soil is limited by the sewage sludge dose or by the material based on it. Moreover German sewage sludge used for arable field or garden soil fertilization is classified as fertilizer and element contents in this material are assessed according to the rules for fertilizers. The regulation was supplemented by the requirements for recyclable materials, including sewage sludge for treatment (McLachlan et al. 1996 , Molina et al. 2000 , Oleszek-Kudlak and Rosik-Dulewska 2002 .
As can be seen from some previous research, chromium in composts and vermicomposts from tannery sludge, despite its high concentrations, occurs in mobile forms extractable in small quantities by H 2 O and 0.05 mol/dm 3 CaCl 2 (Filipek- Mazur et al. 2001) . The conducted experiments have demonstrated that the application of composts and vermicomposts based on tannery sludge with excessive chromium content did not affect plant yield, quality of obtained biomass, and soil concentrations of most bio-available chromium forms (Gondek 2002, Gondek and Filipek-Mazur 2002) .
The research aimed to determine the effect of fertilization with untreated or composted tannery sludge on yield, macroelement and chromium contents in plant biomass.
MATERIAL AND METHODS

Pot experiment
The pot experiment was conducted in a vegetation hall of the Department of Agricultural Chemistry, Agricultural University of Krakow in 1996-1999. Mitscherlich's pots containing 5 kg of air-dried soil each were applied. Sewage sludge from chemical tannery sewage treatment plant and composts and vermicompost prepared on the basis of this sludge with the addition of wheat straw were tested. The wheat straw supplement represented 10% of the sludge dry mass and composting time was 9 months. After this time a part of the compost was vermicomposted by Eisenia fetida redworm for 6 months. Farmyard manure and mineral salts (NPK) were used as a comparative treatment. Tannery materials used for the treatment were more abundant in nitrogen, calcium and sodium than farmyard manure, contained comparable amounts of magnesium, but far less phosphorus and potassium (Table 1) . Except for chromium, none of the measured heavy metals exceeded the limit values.
The pot experiment set up in spring 1996 by independent series method comprised of 6 treatments in four replications ( Table 2) .
The experiment was carried out on medium compact brown soil with granulometric composition of sandy and silty loam with 23% of 0.02 mm particles. The soil reaction pH was 6.45 measured in 1 mol/dm 3 KCl solution. The soil base exchange capacity (BEC) was 86.5 mmol(+)/kg and hydrolytic acidity 9.50 mmol(+)/kg. The exact characterization of soil material is summarized in Table 1 .
Various amounts of organic fertilizers (applied in the first year of the experiment) were calculated on the basis of their nitrogen concentrations. Assumed nitrogen dose was 1 g N/pot. As indicated in Table 2 millet (cv. Gierczyckie) was cultivated first in the first year of the experiment. After emergence the plants were thinned and 15 plants per pot were left. After millet harvesting and the application of supplementary nitrogen treatment with 0.5 g N/pot white mustard (cv. Nakielska) was sown. The plants were thinned after emergence and 12 pieces per pot were left. Both plants cultivated in the first year of the experiment were harvested at their flowering phase. In the second year of the experiment and after application of equal mineral treatment (1 g N, 0.8 g In the fourth year after the organic treatment was applied the consecutive effect of sludge, compost and vermicompost was studied using only 0.2 g N/pot on all treatments except the control. The last crop cultivated in this experiment was maize (cv. KLG 2210) 6 plants were kept per pot and harvested at the phase of leaf sheaf thickening. The experimental plants were harvested including roots, aboveground biomass and roots were separated, dried, weighed for determination of yield and analysed for element contents.
Analytical methods
Dry mass was assessed in the organic materials (sludge, compost, vermicompost and farmyard manure) and in the plant material after drying in (Ostrowska et al. 1991) .
Evaluation of the data
Based on the results of chemical analyses of the aboveground parts, which may provide a potential forage source for animals (the top parts of millet, white mustard and maize, sunflower rain and triticale straw) molar ratios P:Ca, Mg:Ca, Mg:K, Ca:K, Na:K and K:(Ca + Mg) were calculated (Czuba and Mazur 1988) .
One factor analysis of variance was applied for statistical evaluation of the analytical data and the significance of differences between arithmetical means were assessed by t-Student test. Chemical analyses were conducted in plant material on samples prepared as weighed means from four replications (Polish Standard 83/R-04012.00). Standard deviation (SD) and variation coefficient (V%) were calculated on the basis of the results. All chemical analyses were conducted in two parallel replications. The result of the chemical analysis was considered reliable if relative standard deviation (RSD) assessed from two replications did not exceed 5%. Table 2 , the yields of aboveground parts and roots of millet and white mustard were significantly differed. In comparison with the untreated control a significant increase in yield dry matter of millet top part was found in fertilized variants. The highest yield of millet root dry mass was detected in plants variants treated by mineral fertilizer (5.44 g/pot) followed by vermicompost treatment (5.05 g/pot) receiving mineral salt treatment (5.44 g/pot).
RESULTS
As evident from
All the after treatments led to a lower yield of millet root dry matter than obtained on the control sample (4.70 g/pot).
The total yield of the top parts and roots of millet was the highest in combinations where mineral salt fertilization was applied. The lowest total yield of the aboveground parts and roots of millet (except control) was obtained on the farmyard manure treatment.
Control yields of white mustard dry matter were considerably lower than millet yields, which was due to nutrient depletion from the untreated soil. Comparing the treatments, significantly bigger yields of the aboveground parts were found for all fertilized variants. The white mustard root system was developed best in the soil with compost and vermicompost supplement. Increases in root dry matter were significant in comparison with farmyard manure and mineral salt treatments. The total yield of the top parts and roots of white mustard did not reveal any bigger diversification among individual treatments.
In the second year of the experiment, maize was cultivated first and followed by sunflower. The yields of the plants aboveground parts and roots dry mass were presented in Table 2 .
A significant decline in dry matter yields of maize top parts was detected between the variants where substances of tannery origin were applied and mineral salt treatment. Maize produced the highest yields, i.e. 44.70 g/pot of the aboveground parts on farmyard manure, which was notably higher than assessed in the variant treated by mineral fertilizer. Root dry matter yields revealed similar relationships among treatments as for the aboveground parts. The yields of maize roots were the biggest on the objects where mineral salts (18.43 g/pot) and farmyard manure (16.11 g/pot) were applied as fertilizers. A considerable decline in the yields of maize root dry matter, both compared to mineral treatment and farmyard manure was detected on the objects where tannery materials were used.
The highest yield of the sunflower top parts dry mass, which received only 0.5 g N/pot as NH 4 NO 3 , except the control was produced as a consecutive effect of vermicompost (42.45 g/pot). Significantly higher yields were found for all experimental treatments related to the untreated control. The increase in yields of sunflower aboveground biomass treated by tannery materials represented from 59 to 78% compared to mineral fertilizer and from 17 to 31% compared to farmyard manure treatment. Yields of the roots on all objects where tannery materials were supplied were significantly higher than the yields obtained on farmyard manure and mineral fertilizers treatments. As compared to the untreated control notably higher yields of sunflower root dry matter were found for all of the experimental treatments.
In comparison with the control, significantly higher yields of triticale grain (3.34 g/pot) were obtained for all combinations, whereas a comparison of the variants fertilized with mineral salts (21.53 g/pot) and farmyard manure (21.60 g/pot) showed an increase in grain yields for all variants fertilized by both composts and vermicompost in the first year of the experiment. Yields of straw dry matter ranged between 5.03 g/pot for the control and 33.72 g/pot for compost treatment. Similarly as for grain and straw the lowest root yield was found for the untreated control. Plants grown in the soil amended by tannery sludge, compost, and vermicompost produced significantly higher root biomass than for mineral treatments, whereas in comparison with farmyard manure treatments a notable increase in triticale root yield was found as result of consecutive effect of untreated sludge.
Dry matter yields of maize grown in the fourth year of experiment were presented in Table 2 .
Yield of maize aboveground parts on farmyard manure treatment was the highest and reached 70.08 g/pot, whereas on the other treatments it was notably lower. Comparing the consecutive effect of organic materials and fertilizer effect of mineral salts presented considerable increases in yields were observed on treatments with compost and vermicompost. The increases were by 10 and 18%, respectively. In comparison with the object receiving farmyard manure the consecutive effect of compost and vermicompost of tannery origin upon maize aerial parts in the fourth year of the experiment was significantly poorer. Composts or vermicompost supplement to the soil differently influenced the yields of maize root dry ma�er. With exception to the control, all the treatments resulted in a significantly increased yield of roots as compared to mineral fertilizer. The highest yield of the top parts and roots was obtained for farmyard manure treatment. In comparison with the farmyard manure a consecutive effect of compost and vermicompost was significantly worse in the same year. Obtained contents of nitrogen in the cultivated crops showed its diversification depending on fertilization and plant (Tables 3-8 ). Immediately after organic treatment nitrogen concentrations increased in plants receiving mineral salts in comparison with plants fertilized with farmyard manure. The least amounts of nitrogen were detected in roots for the farmyard manure treatment (10.8 g/kg dry mass). The aboveground parts of white mustard were more abundant in nitrogen than millet top parts (Tables 3 and 4 ). This component content fluctuated from 19.2 g/kg for farmyard manure to 29.1 g/kg dry matter for mineral treatment. For all the variants receiving organic fertilizers of tannery origin nitrogen concentrations were higher than for farmyard manure. In roots was nitrogen content the highest on the variant where mineral fertilizers were applied (12.8 g/kg dry matter).
Maize and sunflower were cultivated in the first year of the subsequent effect of organic materials. Nitrogen concentrations in maize top parts were higher in plants fertilized with tannery organic materials than in crops from farmyard manure or mineral treatment (Table 5) . Nitrogen concentrations in plants fertilized with organic materials from tannery tended to higher level also for sunflower at lower absolute value (Table 6 ). Nitrogen content in the roots of both plants revealed similar relationships, however maize roots were apparently more abundant in this component (Tables 5 and 6 ). Nitrogen concentrations in grain dry mass of triticale cultivated in the second year of the subsequent effect of organic materials were substantially higher than this element content in dry matter of straw and roots (Table 7) . The highest content of nitrogen was typical for grain of plants fertilized with compost and vermicompost. Nitrogen content in triticale straw was between 4.4 g/kg dry matter for the control and 7.2 g/kg dry matter for sludge and compost treatments (Table 7) . In triticale roots nitrogen concentration fluctuated between 5.5 and 8.2 g/kg dry matter. Nitrogen content in top parts of maize grown in the third year of subsequent effect of organic materials did not show any substantial diversification and ranged between 7.0 and 11.3 g/kg dry mass (Table 8 ). In the roots the element level fell within the range of 7.4 g/kg for farmyard manure treatment and 9.1 g/kg dry matter in the roots of plants fertilized with vermicompost. Phosphorus content in millet top parts (the first crop cultivated in the experiment) ranged between 1.3 and 1.9 g/kg dry matter (Table 3 ). The highest concentration of this element was detected in plants fertilized with farmyard manure. In comparison with this treatment the phosphorus level in the top parts of the plants fertilized with tannery organic materials was lower by between 5 and 26%. Millet roots revealed a lower content of phosphorus than its top parts and the biggest amounts of this element were found in roots of plants receiving mineral fertilizers. Phosphorus content in the aboveground parts of white mustard did not differ substantially among the treatments and fluctuated between 3.1 (control) and 3.5 g/kg dry matter (variant fertilized with mineral salts) ( Table 4) .
Phosphorus concentration in white mustard roots was slightly lower and fluctuated from 2.6 to 3.5 g/kg dry mass (Table 4 ). In the second year of the experiment were cultivated maize and sunflower. The top parts of maize on the control revealed the highest content of phosphorus resulting from its high concentration in a relatively small yield (Table 5 ). For organic treatments this element content approximated the level assessed in the top parts of plants from farmyard manure treatment (2.2 g/kg dry matter), but it was lower than the content found after mineral fertilization (2.7 g/kg dry matter). Maize root phosphorus content revealed similar relationships at lower contents (Table 5) . Similar content of phosphorus as determined in maize was also assessed in sunflower top parts (1.8-2.7 g/kg dry matter) ( Table 6 ). The highest values concerned plants from the minerally fertilized variant. In the roots of these plants phosphorus content ranged between 1.6 and 3.8 g/kg dry mass. The highest amounts of this component was found in the roots for the control and also in the roots of sunflower fertilized with farmyard manure (3.1 g/kg dry matter) and with mineral salts (2.4 g/kg dry matter). In the third year of the experiment the consequent effect of organic tannery materials positively affected phosphorus content in spring triticale grain (Table 7 ). The contents were higher than determined for mineral treatment (5.3 g/kg dry matter) and farmyard manure (5.1 g/kg dry matter). Grain phosphorus concentrations were most favourably affected by fertilization with untreated sludge (10.4 g/kg dry matter) and with composted sludge (7.0 g/kg dry matter). A reverse relationship was detected in the straw of these plants.
The phosphorus content decreased in straw of plants from variants fertilized with tannery mate- rials. Triticale roots from the control and mineral salt treatment accumulated the highest quantities of phosphorus. The subsequent effect of organic materials upon phosphorus content in maize in the fourth year after organic fertilizer application was weaker than farmyard manure and mineral salt effect (Table 8 ). Both top parts and roots accumulated small amounts of this element and no diversification among variants was reported. Potassium content in millet top parts (with reference to plants from the control) increased after fertilization (Table 3) . Millet roots contained between 11.7 g/kg dry matter for the control and 21.4 g/kg dry mass on mineral salt treatment. In the top parts of white mustard high and equalized potassium concentration (mean 34.2 g/kg dry matter) was found except in the mineral treatment (Table 4) . This elemental content in mustard roots was lower than in its top parts, but in comparison with variants fertilized by mineral salts and farmyard manure a higher content of this element was determined for vermicompost treatment. Fertilization with tannery materials increased potassium content in the top parts and roots of maize (grown in the second year of the experiment) in comparison with mineral salt treatment and farmyard manure (Table 5) . A substantially lower content of potassium, with slight diversification among the variants was characteristic for sunflower biomass (Table 6 ). Potassium content in triticale grain (with reference to plants from farmyard manure treatment) increased slightly in plants from variants fertilized with tannery materials. Generally, potassium content in the grain of triticale fertilized with organic materials was lower than determined for the mineral salts treatment (Table 7) . Triticale straw contained notably higher amounts of this element than grain (Table 7) . Lower contents of potassium were found in plants fertilized with tannery materials. Triticale roots contained more potassium than grain. In the fourth year after the application of organic fertilization no subsequent effect on maize potassium concentrations was observed (Table 8) .
White mustard plants grown in the first year of the experiment on tannery material treatment were characterized by a higher content of calcium. Both in their top parts and roots in relation to plants fertilized with farmyard manure (Table 4) . On the contrary, the millet top parts from the variants receiving mineral fertilizers showed higher contents of this element than in the other experimental variants. Over the subsequent two years also higher calcium content was found in plants from variants fertilized with tannery materials in comparison with plants receiving farmyard manure (Tables 5-7 ). In the third year of subsequent effect of organic materials (and the fourth year of the experiment) interrelationships of calcium contents in the top parts and roots of maize were similar as in the earlier years of the experiment (Table 8) .
Magnesium concentrations in the top parts of millet and white mustard were similar, while millet roots were more abundant with this element other than the mustard roots (Tables 3 and 4) . For organic matter treatments magnesium content in millet aboveground parts was higher than at mineral treatment. In mustard top parts the highest content of this element was found in the yield of plants from the untreated variant. It resulted from a relatively low plant yield in this case (Table 4 ).
In the first year of the consecutive effect (and the second year of the experiment) of applied organic fertilizers maize and sunflower revealed a lower content of magnesium in their top parts for the fertilized variants in comparison with the control (Tables 5 and 6 ). Triticale magnesium concentrations were similar for all the experimental treatments. The contents of this element were evidently higher for the control only in the straw (Table 7) . Maize cultivated in the third year of the subsequent effect of organic fertilizers (and the fourth year of the studies) contained the highest amounts of magnesium for the control. Among the treatments more of this element was detected in plants from mineral treatment (Table 8 ).
In the first year of the studies sodium content was the highest in the top parts of white mustard, particularly for the variants fertilized with tannery materials (Table 4 ). The contents ranged between 7.4 and 10.7 g/kg dry matter. In these variants were also sodium contents in millet roots the highest (between 4.0 g and 4.6 g/kg dry matter). In the top parts of plants cultivated subsequently sodium levels were generally low and no greater diversification was noticed among variants.
The roots of cultivated plants (except triticale) contained substantially more sodium than their top parts (Tables 5-8 ). The roots of plants fertilized with untreated sludge and its compost and vermicompost revealed the highest sodium contents. The lowest sodium content was found in the roots of plants grown on farmyard manure and in the object fertilized with mineral salts. A relatively high concentration of chromium in tannery materials did not cause any increased content of this element in the plant top parts (Gondek and Filipek-Mazur 2002) . Chromium content in plant parts which might be a potential forage source for animals was on a deficient level. The amounts of chromium taken up by the stud- ied plants were evidently diversified depending mostly on the amount of plant yield and applied fertilization. Approximate amounts of this metal were found in the plant top parts fertilized both with tannery materials and traditional fertilizers (farmyard manure and mineral salts). The total quantities of absorbed chromium were different in the subsequent years of the experiment (Figure 1 ). During the period from the first until the fourth year the total amount of chromium taken up by plants in the variants supplied with compost and vermicompost did not exceed 1.0 mg/pot. Plants grown on farmyard manure accumulated the lowest amount of chromium (0.53 mg/pot) followed by mineral treatment (0.61 mg/pot) and on soil no fertilization (0.15 mg/pot). A detailed interpretation of chromium content and its uptake by plants was presented in a previous publication (Gondek and Filipek-Mazur 2002) .
In animal nutrition, not only contents of individual forage components play an important role but also their mutual quantitative ratios. According to Czuba and Mazur (1988) it is connected with the antagonism and synergism of elements and/or their compounds.
One of the basic criteria in the system of quantitative ratios of elements in forage is K:(Ca + Mg) ratio, which should be approximately 1.62 (Czuba and Mazur 1988) . In our experiment, the closest value of this parameter was found in triticale grain (Table 11) , whereas in the other plants the obtained values were too high or too low (Tables 9-12 ). Exceeding value 2 of the discussed ratio suggests magnesium and calcium deficiency, which may result from high potassium and nitrogen fertilization (Czuba and Mazur 1988) .
Values of the other ratios were diversified and depended on the treatment (Tables 9-12 ). Individual crop species are characterized by different potential of nutrient uptake so it is difficult to compare the obtained results and unanimously determine fodder value of the obtained yields. Considerable quantities of calcium supplemented to the soil with doses of tannery materials might suggest much higher uptake of this element by plants, however the presence of fa�y compounds in tannery materials can results in inhibited calcium uptake by plants.
DISCUSSION
The previously published investigations were predominantly concentrated on municipal sewage sludge (Burns and Boswell 1976 , Zwarich and Mills 1979 , Willems et al. 1981 , Bidwell and Dowdy 1983 , Chang et al. 1983 , Elliot et al. 1990 , Amer et al. 1997 , Murillo et al. 1997 . There were only a few papers focusing on industrial effluents, including tannery wastes. Thus, the discussion of the obtained results is difficult and the comparison of the results with the results of other published data is limited because of different experimental conditions (such as soil, tested plant, origin and kind of applied materials) (Mazur and Koc 1976, Czekała and Andrzejewski 1994) .
The presented results demonstrated different plant responses to applied fertilization. However, it should be emphasized that compost and vermicompost treatment and untreated sludge did not limit plant yielding, as has been confirmed by higher yields of plant dry matter on these treatments in comparison with mineral fertilizers. The highest diversification in yields occurred in the first and second year of the experiment, whereas in the third and fourth year the subsequent effect of compost and vermicompost was weaker compared to our results. Filipek-Mazur (1997) obtained significantly lower yields of mustard in the first year of the experiment after the application of tannery sludge and its compost as fertilizers. Evidently a higher yield of both top parts and roots of maize was observed on untreated and compost sludge treatments. The sunflower did not respond significantly to the kind of applied organic materials.
A considerable decrease in maize yields as a result of application of sewage sludge from chemical tannery sludge treatment plant found by Czekała et al. (1993) was confirmed by the results of this paper. Kopeć et al. (1996) observed pot experiment showed a weaker effect of tannery sludge from chemical treatment plant on plant yield. The application of raw tannery sludge from biological treatment plant led to significant increase in yields of three crops compared to control as well as mineral fertilization. However, the application of tannery sludge from chemical treatment plant was less effective.
The mechanism of diversified plant response to sludge, compost and vermicompost of tannery origin supplied to the soil in the presented investigations could be probably mostly due to their different ability of plant species to utilize nutrients from different materials.
Nitrogen content in the experimental plants, despite of equalizing its dose to the same level on all treatments was diversified, particularly in the first year of the experiment. Expectably, the highest contents of nitrogen were detected in plants (first year of the experiment) fertilized with mineral salts. It was caused by higher bioavailability of this element supplied in mineral form than from organic materials in tannery and farmyard manure. Evidently, bioavailability of nitrogen from organic fertilizers depends on the nitrogen mineralization rate for the individual material. This statement was confirmed by increased concentrations of this element in subsequent plants at tannery material treatments and decreased content of this element in the variants receiving mineral fertilizers. Kopeć et al. (1996) detected a higher content of nitrogen in plants fertilized with sewage sludge, Lekan and Winiarska (1991) observed the same for municipal and industrial sewage sludge, and Kalembasa (1996) detected more nitrogen in plants receiving vermicomposts based on sewage sludge and meat processing wastes.
Similarly as in the experiment carried out by Kopeć et al. (1996) , in the presented studies phosphorus contents depended on the plant species and applied fertilization and the consecutive effect of tannery materials on phosphorus content was comparable with farmyard manure effect but weaker than mineral treatment. Potassium occurred at the highest level in millet, white mustard and maize in the variants fertilized with tannery materials while in the subsequently cultivated plants, except triticale straw, potassium level decreased, which confirms results obtained by Kopeć et al. (1996) . Low potassium concentrations in tannery materials resulted in plant better utilization of mineral potassium applied as a supplement, which explains the fact of the gradual decline and equalizing this element level in the subsequently cultivated plants compared to mineral treatment and farmyard manure.
The studied sludge, compost and vermicompost revealed a better subsequent effect of calcium uptake than farmyard manure fertilization. Lekan and Winiarska (1991) found a higher calcium uptake by plants fertilized with municipal and industrial sewage sludge. Fertilization with vermicomposts also influenced increased calcium concentrations in yield in comparison with farmyard manure treatment, as well (Kalembasa 1996) . Similar trends were detected for sodium contents (Kopeć et al. 1996) ; a higher accumulation of Na was found in plants fertilized with tannery materials.
The assessment of fertilizer value of materials prepared from tannery materials should consider magnesium contents in experimental plants, as it is one of the elements determining their nutrition status. In our study, equal effect of organic materials from tannery to farmyard manure and mineral treatment on magnesium content in plants was found. Higher contents of magnesium in plants fertilized with industrial and municipal sewage and industrial wastes were found by Lekan and Winiarska (1991) .
Despite a relatively high chromium content in tannery materials used for fertilization, the content of this element in the top plant parts, which may provide forage for animals remained on deficient levels. Generally, chromium retained in the plant root system as confirmed by other authors (Dudka et al. 1991 . Dudka et al. (1991) found that the content of inter alia chromium in oat and maize was not changed under the influence of applied sewage sludge doses. Maize contained more chromium than oats, which resulted from different uptake of this metal by various plant species. While studying the effect of the same sewage sludge on trace element concentrations in white clover and despite three-fold increasing chromium content in the soil Piotrowska et al. (1991) did not find increased chromium content in plants. Filipek-Mazur (1997) demonstrated that the chromium content in plants fertilized with organic sludge from mechanical and biological tannery treatment plant was much higher in the roots than in the top parts of the plants and depended on the applied material dose. In the top parts the author generally did not find elevated chromium concentrations.
